ABSTRACT Software as a Service (SaaS) is widely used and depended on by a wide range of applications. Considering this, the SaaS should capacitate itself to offer service to a large number of customers having their own specific requirements, without encountering software quality problems. Therefore, several researchers delved into the SaaS customization, and many customization solutions have been proposed. However, heretofore, no analysis or study explicitly classifies these proposals using different criteria, e.g., the kind of change required, the component of the software requiring changes, and the quality attributes of the SaaS considered in each proposed solution. This paper adopts the systematic mapping approach to methodically investigate the solutions recommended for the SaaS customization problems. These solutions are classified into various categories to create a classification scheme based on the customization types (personalization, configuration, composition, modification, integration, and extension), customization layer (user interfaces, workflows, services, and data), and quality attributes. Our study identified 81 primary studies reporting SaaS customization solutions. The results show that the configuration, composition, and extension received the highest consideration in the proposed solutions. In addition, the majority of the proposed solutions for the SaaS customization are connected with the workflow and service layers. Furthermore, the attributes, such as multi-tenancy, security, functionality, scalability, availability, and efficiency, are considered much more often than other attributes. The classification of the proposed solutions for the SaaS customization and results of this paper can play an important role in creating a framework for the SaaS customization assessment.
I. INTRODUCTION
In Software as a service (SaaS), the software and its related data are centrally hosted in the cloud computing environment. Users usually access this data using a web browser and a thin client [1] , [2] . The high regard for SaaS in the business domain can be attributed to its multi-tenancy design structure. Multi-tenancy is defined as the case when a single instance of software running on a server, services numerous users (tenants) [3] . Multi-tenancy is a vital feature of cloud computing [4] . The need for an effective SaaS model has
The associate editor coordinating the review of this manuscript and approving it for publication was Lo'ai A. Tawalbeh. become imperative because it has the potential to lower the expenditures related to hardware, software, maintenance, and management [5] - [9] .
The design of SaaS is mainly aimed at servicing numerous clients through a single software application instead of developing many software versions for each client. [10] . The ultimate goal of SaaS application vendors is the provision of an easy to use, fully coordinated option. However, the management of highly complex software that may entail extremely complicated adaptations may go beyond the capacity of delivery model in a multi-tenancy setting [11] .
To accommodate the subscription model of SaaS, vendors of SaaS applications need a well-structured strategy to ensure that customization will not result in alterations to the SaaS application source code. The lack of such a strategy will hamper the development and maintenance of application code for individual customers. The effectiveness of SaaS is highly dependent on its capacity for configuration and customization [12] . The mounting interest in SaaS customization prompted us to initiate a systematic mapping study (SMS) to identify and systematically categorize the available solutions on SaaS customization.
The remainder of this paper is organized as follows: Section II discusses the motivation for this work. Section III presents related work. Section IV describes the systematic mapping method. Section V contains the analysis and results of the extracted data, followed by a discussion in Section VI. Section VII discusses the threats to the validity of this study. The study is concluded in Section VIII.
II. MOTIVATION
Customization plays a significant role in the provision of an application to different tenants [7] , [13] , [14] because it is highly probable that business logic, interface, and data will differ for each tenant [15] . Therefore, customization can present performance threats that need to be considered by the hosts of SaaS [16] . Moreover, all aspects of a SaaS application (including the design aspects of the GUI, business processes, and databases) are affected by tenant-specific customization [17] . Therefore, a customizable SaaS application must consider customizing all elements of SaaS application including those with cross-layer relationships [16] . Furthermore, the software source code alterations essential for customization are rendered increasingly complicated [7] , [8] , [18] , [18] by the need to separately maintain each tenant's customization code [18] .
Additionally, a tenant's requirement changes often emerge after the applications and services are developed; therefore, the run-time customization scoped to a specific tenant has to be supported within the same application instance [7] , [8] , [19] , [20] , and it does not affect tenant isolation and application availability [7] , [19] , [20] . Typically, SaaS applications lack the extensibility of licensed products [6] . Better customizability will reduce the maintenance efforts for the application [21] , [22] , where some maintenance responsibilities can be shifted at client side. However, mass customization leads to the continuous maintenance and evolution of the SaaS application that threatens the crucial scalability and cost efficiency [8] , [20] . It is likely that the rather small initial investment and monthly subscription fees received from tenants may not cover the overall expenditure for complicated customization. Therefore, application vendors need to cautiously evaluate their customization proficiency [21] , [23] and assess its impact on the crucial features of SaaS [7] , [8] , [24] , [25] . These issues should be considered prior to the introduction of customization solutions into the SaaS system.
According to the systematic review conducted on software customization impacts [26] , previous studies did not offer much information on the effect of software customization on the quality attributes of SaaS. Prior to assessing the impact of customization on the quality features of SaaS, it is essential to record the customization category to ascertain the impact and risks linked to specific types of changes [27] , where any form of customization is likely to influence the software product's quality attributes [28] , [29] . Although several researchers have clearly stated the need for emphasis on SaaS application customization, there remains a dearth of knowledge on the categorization of SaaS customization. Prior research has made little attempt to explicitly categorize the customization of SaaS application. Accordingly, additional research is needed for building a clear framework that involves determining the customization options of SaaS application and addressing their impact on SaaS quality.
Motivated by these SaaS customization challenges and shortfalls, the decision was made to conduct this systematic mapping study (SMS) with the intention to introduce a classification of SaaS customization. Additionally, the core elements and types of SaaS customization would be identified. This classification can also play an important role in creating a framework for SaaS customization assessment.
III. RELATED WORK
Initial ad hoc search on survey, systematic literature review, and SMSs, specifically conducted on SaaS customization revealed that there are currently no secondary studies on the classification and identification of SaaS customization; however, only one study is conducted by the authors of [30] . In [30] , the authors attempted to capture the core elements of SaaS customization using the five Ws (who, when, what, where, and why) method. However, the studies included were very few and were not selected systematically. Moreover, several aspects of SaaS customization, such as customization options and types were not reported. To increase the emphasis on the conclusion that no systematic literature review or SMS specifically was conducted on customization solutions for SaaS application, we reviewed and recorded all secondary studies during the process of selection of the studies. The closely related secondary studies are listed and summarized in Table 1 . Table 1 indicates that although there are some pre-existing reviews for SaaS customization, they only consider customization issues and challenges to SaaS but do not provide any form of classification for existing SaaS customization approaches. It is noteworthy that [36] indicates certain classification to categorize variability in SaaS applications. However, it did not answer any of our research questions (RQs).
IV. REVIEW METHOD
Our response process to the objectives of this study uses the methodology proposed by [38] - [40] . In our effort to distinguish the maximum number of primary studies, we opted for the merging of an automated database search and a snowballing search. The results attained through the hybrid search strategy were observed to be more competitive [41] , [42] . Throughout the study, a protocol was developed and updated; it embraced five main tasks: (1) determining the RQs, (2) outlining the search strategy, (3) identifying the study selection criteria and process, (4) quality assessment of primary studies, and (5) data extraction and classification scheme, wherein dimensions to classify each primary study according to each research question are identified.
A. RESEARCH QUESTIONS
To ensure the relevancy of the RQs, they were specifically structured with the aid of the following criteria [43] :
• Population: Software as a Service, multi-tenancy, service-oriented, and software engineering.
• Intervention: SaaS customization models, methods, techniques, SaaS architecture, and SaaS quality attributes.
• Outcomes: classification of SaaS customization concepts that introduce the different types of existing SaaS customizations, customizable SaaS architecture elements, and the key quality attributes of SaaS that play an important role in customization. Table 2 lists the three RQs aimed at realizing the search strategy for data extraction.
B. SEARCH STRATEGY
The following steps were followed for the construction of the search string [44] : (1) principal terms were gathered from the RQs, (2) principal terms were extended by detecting synonyms and alternative spelling structures, (3) keywords in relevant studies were examined, (4) Boolean OR was harnessed to assemble synonyms and alternative spelling structures, and (5) Boolean AND was utilized to merge the key terms. As long as we required a broad overview of the research area as a whole, we tried to avoid using more than two Boolean AND operators because here; more ANDs may cause exclusion of important studies; therefore, we considered the general terms related to customization of SaaS application. The search strings for digital libraries vary according to the functions and features of search engines; therefore, it is essential that they are implemented separately for each digital library engine. This involved a considerable amount of painstaking work. Multiple searches were required to determine the manner in which each library engine dealt with diverse Boolean expressions. The wild-card * was employed to ease the detection of disparities in search terms. This action served to increase faith in the all-encompassing capacity of the search string. A considerable number of extraneous studies were listed in the results during pilot searches using these strings. To avoid this situation, the search strings were applied to titles and abstracts of the articles. This considerably promoted the relevancy of the search strings' results. Tables 3 and 4 list the matching search strings that utilized the syntaxes deriving from the four digital library engines. ). Our choice to search for primary studies in the initial four electronic databases in the second category can be attributed to three reasons: (a) overlaps involving dissimilar publishers' sites are uncommon here [45] , (b) these electronic databases are regarded highly in the context of software engineering research [46] , and (c) these electronic databases support the adaptable devising of search strings having a considerable number of clauses and more citation export options.
C. STUDY SELECTION
Over multiple steps, the inclusion and exclusion criteria were applied to the studies recovered from digital library engines to select primary studies that respond to the RQs of this study. These criteria were utilized together with the matching rationale, as illustrated in Table 5 . Fig. 1 illustrates the multi-step procedure employed for the study selection process.
The purpose of this selection process is to distinguish the relevant studies that correspond to the goal of SMS. Although the search procedures for different digital libraries can differ, the majority of them provide basic and advanced search functionalities. It was seen that the advanced search function, when applied to the search string, retrieved a massive number of articles from each database. To trim down the results to the lowest possible level, we used the search limitation options provided by all the digital libraries. The search limitation options include the date, topic, type, and language. However, the number of results was still not satisfactorily reduced by this move; therefore, additional searches were conducted with the emphasis on article titles and abstracts fields. SpringerLink was exempted because its operational scope is limited to searches for titles and not for particular sections. Subsequent to the implementation of the search string and the availability of search limiting options on Springer, an autonomous search was performed on the article title for every term of the search string. In the command search of IEEE, only 15 search terms could be linked. We separated the search string into four and applied each string on IEEE Xplore. These steps are in accordance with those applied in ScienceDirect and ACM. The duplicated results were then removed from IEEE and SpringerLink before another inspection was conducted for duplicates among the results from all the databases. This step was necessary because the implementation of the main search string was conducted multiple times; therefore, the incidence of overlaps could not be discounted. The steps executed and the results generated through ScienceDirect, ACM, and SpringerLink are displayed in Fig. 2 , whereas the steps executed and the results generated through each IEEE string are listed in Table 6 .
The inclusion and exclusion criteria were taken into consideration for all the limitation options applied for each digital library. There were very few duplicated studies because the overlap between varying publishers' sites was minimal [45] . However, subsequent to the next phase, an inspection of duplicate results is essential because (a) ACM can be contemplated for functions of index engines as well as publishers' sites [45] , and (b) the duplication of studies would lead to biased results; therefore, it is imperative that multiple publications of similar data are eliminated [43] . The Mendeley reference manager tool was employed to combine and store the results of prospective relevant studies from the preceding step. This facilitates the identification and management of duplicates. Not more than 38 multiple publications were detected.
Step 2 of the selection process involved the use of inclusion and exclusion criteria from Table 5 to screen the titles and abstracts of potential studies. The following describes the screening process: 1) Publication type -exclusion based on publication type was not detected because its implementation had been done during the automated search in each digital library. 2) Publication topic -An inspection of the publication topic was conducted to ensure that it complied with the rationale for the inclusion and exclusion criteria. Identification of each journal area and category was realized through the employment of the SCImago Journal Rank (SJR) [47] . Inspection of the journal website or further filtering was performed if the journal title proved to be non-existent in SCImago. The results of this task are listed in Table 7 . 3) Study type -any form of secondary study (such as SLRs, SMSs, or review paper) was not selected. Overall, 215 secondary studies were ruled out. 4) Intervention -the studies found wanting in intervention with our SMS' objectives were excluded. Majority of the excluded studies (4,561 in total) were identified during this step. Studies that complied with the inclusion criteria were considered relevant and were accepted for full-text screening. Studies without a clear-cut status were also accepted for fulltext screening. At the conclusion of this step, 49 studies were recovered for full-text screening. During step 3 of the selection process, primary studies identified in previous steps were dealt with. The researchers acquired and read each study in full, before consulting the inclusion and exclusion criteria to select the relevant studies. Finally, only nine articles were included for the quality assessment process, and they were subsequently utilized as the starting set for the snowball search.
During step 4 of the selection process, both the backward and forward snowball procedures were employed to supplement the broad automated search and to identify as many primary studies as possible. This is to ensure the detection of studies that are not normally unearthed through the automated search approach. The snowball procedures are considered an iterative appraisal of the references and citations related to the starting set of articles identified during the preceding step. During forward snowballing, the retrieval of citations to each study under scrutiny was from Google Scholar [42] , [48] because its capacity extends beyond individual databases. Updating of the set occurs in each iteration upon detection of new relevant studies. This process stops when no new studies are available. The number of snowballing iterations and the results of each iteration are shown in Fig. 3 . For every iteration, screening was performed on the data made available by the reference and Google Scholar. In situations where the information acquired is considered inadequate, the abstract or the entire text of the citing article is meticulously scrutinized for a decision. In total, 84 PSs were found in the snowball searches. It is notable that several PhD theses identified during this step were excluded. As seen in Table 8 , this can be attributed to the fact that their key associated results are published in some identified and included studies earlier.
Moreover, the exclusion of conference records was not done during this step, whereas the papers deriving from the four identified digital libraries that complied with our inclusion criteria were included.
D. QUALITY ASSESSMENT
A mapping study that delves deeper into the papers can become more like a systematic review [38] . Consequently, it is not necessary to incorporate a quality appraisal in SMSs [38] , [57] . However, in this SMS, the aim of the quality assessment is to check the relevance of the primary studies according to this SMS's objectives in general. Quality appraisal of each primary study and all the primary studies was conducted using the content validity index (CVI) method. The CVI method is widely used among researchers for content validity based on the expert rating of relevance [58] . In this study, we considered both item-level (I-CVI) and scale-level (S-CVI) CVIs. The CVI computed for each primary study is referred to as I-CVI, whereas the CVI computed for the overall set of selected primary studies (SPSs) is referred to as S-CVI.
To validate if the SPSs are relevant to the objective of this study, we executed the following:
1) A list of the SPSs was provided to two authors of this study and two independent reviewers. The reviewers could not work on all primary studies; therefore, the list of primary studies was split into two, and each reviewer worked on one list for relevancy evaluation. Therefore, the two reviewers would be treated as only one rater. 2) Raters were asked to rate the relevance of each primary study on a 4-point scale such that 1 = not relevant, 2 = somewhat relevant, 3 = quite relevant, and 4 = very relevant.
3) The results were analyzed with I-CVI and S-CVI. I-CVI for agreement on inclusion in the mapping study was 1.00 for 81 primary studies and less than 1.00 for 12 primary studies. The I-CVI should be 1.00 when there are five or fewer raters [58] , [59] . Therefore, all primary studies with scores lower than 1.00 were excluded. S-CVI was calculated in two methods: universal agreement calculation method (S-CVI/UA) and averaging calculation method (S-CVI/Ave). The S-CVI/UA and the S-CVI/Ave in our analysis were 0.87 and 0.92 respectively. Both results suggested an excellent set of primary studies that answered the objective of this study. Moreover, a Fleiss' kappa [60] was calculated to check the inter-rater agreement among the three raters. According to the calculated results (Kappa = 0.616), it is seen that there is a considerably significant agreement between the raters [61] . Detailed calculations of CVI and Fleiss' kappa are presented in Tables 1 and 2 of the online supplementary document 1 : Appendix A.
E. DATA EXTRACTION AND CLASSIFICATION SCHEME
Post the quality assessment, we selected 81 primary studies that we term selected primary studies (SPSs); they are listed in Table 9 . At this stage of the study, we extracted the data from the SPSs based on the classification scheme. This stage aimed to map and classify the papers to enable us to handle the RQs addressed in Section IV-A. The SPSs were separated 1 Available from:https://tinyurl.com/SMS-SaaS-Customization into three categories according to the RQs. Fig. 4 exhibits the resulting classification scheme.
1) CUSTOMIZATION TYPES (RELATED TO RQ1)
Categorization of the SaaS customization techniques and methods into categories of related approaches. Therefore, all SaaS customization techniques and methods are assigned to the holistic approaches of software customization as follows:
-Personalization: techniques and solutions that provide transparent customization without the need to inform the users. This is initiated by the application [135] - [137] . third-party components designed to work with the application [23] , [142] , [146] , [147] . The above categorization is derived from the most widely approached proposals of software customization. Table 10 lists the categories and associated approaches from the most widely approached proposals of software customization.
2) CUSTOMIZATION LAYERS (RELATED TO RQ2)
To ensure that different conditions [16] of individual tenants are accommodated, it is essential that all SaaS structural design layers are considered during SaaS customization. To meet this requirement, we opted for a multi-layered structural design for SaaS customization [18] , [95] in cases where customization may entail several layers of the SaaS structural design, user interfaces (GUI), workflows, services, and data.
3) QUALITY ATTRIBUTES (RELATED TO RQ3)
In this categorization, we try to report and identify quality attributes that play an important role in customization and could be influenced by customization in the SaaS context. In this work, we mainly consider the key quality attributes of SaaS application that are identified in [148] (i.e., scalability, reusability, efficiency, availability, and reliability) and the additional attributes identified by [149] . It is worth noting that both of these quality models: [148] and [149] are inspired by two widely accepted quality models for conventional software (ISO 9126) [150] and cloud services (service measurement index (SMI)) [151] , respectively. The introduction of the quality attributes into the classification would be done upon their emergence during the content analysis of the SPSs.
V. ANALYSIS AND RESULTS
This section presents the results derived through the SMS. First, an overview of the demographic data of SPSs is presented, followed by the word cloud visualization for the overall SPSs. Then, answers to the SMS RQs are reported, followed by a cross-analysis among the reported results of the RQs. Finally, the results of Google Scholar alerts and citations are presented.
A. OVERVIEW OF SELECTED STUDIES
The PS selection process resulted in the identification of the 81 relevant studies listed in Table 9 . Fig. 5 illustrates the number of SPSs published in journals and conferences and the total number of SPSs per year and avenue. Seventy SPSs (86.42%) were published in conferences, whereas 11 (13.58%) in journals; this proves the significance of considering both journals and conferences papers in the search process. However, between 2013 and 2017, and the numbers of SPSs published in journals increased gradually. This is a positive sign because studies published in journals are typically more extensive and present results that are more detailed. Most of the SPSs, i.e., 49 (60.49%) were published between 2011 and 2017, with an average of ten SPSs yearly. This indicates that SaaS customization is a progressive and active research topic.
In addition, we determined that 224 authors have contributed to all the SPSs: 191 to only one SPS and 33 to two or more SPSs. Meanwhile, Fig. 6 shows authors who published more than 2 SPSs. Five authors have more than three SPSs published: Wouter Joosen (6 SPSs), Stefan Walraven (5 SPSs), Dimitri Van Landuyt (5 SPSs), Regarding the publishers, we found that IEEE published the most SPSs related to SaaS customization. It published 59.26% of the total SPSs, ACM published 9.88%, Springer published 12.35%, and Elsevier published 3.70%. Furthermore, the SaaS customization topic received increasing attention not only by the main publishers (IEEE, Elsevier, Springer, and ACM) but also by other publishers, where 14.81% of the SPSs were considered by other publishers over the years as shown Fig. 7 .
B. WORD CLOUD VISUALIZATION
Analysis of the word clouds generated from the word cruncher frequency tool in ATLAS.ti provided a means to gain visualization of the articles [152] and help analyze their text extensively by inspecting the frequency degree of words in the articles' texts [153] . Fig. 8 shows words occurring more than 100 times. Among them, service, SaaS, application, customization, data, software, tenant, and process were found to occur with the highest frequency (Frequency > 1500). Additionally, other words related to quality attributes were found to occur with high frequency, e.g., multi-tenancy (Frequency = 619), security (Frequency = 446), and performance (Frequency = 371). In summary, these words highlight the main trends of the SPSs that are highly related to the RQs of SMS; this proves that the search strategy followed in this SMS can derive ideal results and would be suitable for our research topic.
C. RQ1-TYPES OF CUSTOMIZATION APPROACHES
In this section, we present the results corresponding to the customization approaches categories of the classification scheme described in Section IV-E, i.e., personalization, configuration, composition, modification, integration, VOLUME 7, 2019 and extension. The number of customization approaches considered by SPSs varied from one to four. Less than half of the SPSs (44.44%) considered only a single approach, whereas 55.56% considered a mix of different approaches. For example, SPS4 presented a feature-oriented method that facilitates the run-time configuration and composition of SaaS applications (two approaches); SPS25 proposed a work flow driven method that guides a user through the composition and configuration of the enterprise application integration (EAI) patterns offered in SaaS application (three approaches). Fig. 9 depicts the number of SPSs that propose the most frequently considered customization approach. For example, majority of the purposed solutions (64 SPSs) considered the configuration approach followed by composition (34 SPSs) and extension (20 SPSs). Modification (13 SPSs), integration (10 SPSs), and personalization (6 SPSs) received significantly lower values. A detailed frequency table of customization approaches is presented in Table 3 of the online supplementary document: Appendix B.
Moreover, 46 customization practices in the SaaS multitenant context were identified. We deductively assigned each investigated practice into customization approaches. All the identified customization practices and their corresponding categories are listed in Table 11 .
D. RQ2-CUSTOMIZATION LAYERS
In this section, we present the results corresponding to the four layers of SaaS architecture, i.e., GUI, data, service, and workflow. The proposed solutions for SaaS customization may be considered from two aspects: solutions that consider specific SaaS architecture layer and solutions that address customization in more than one layer. We found 34 PSs that considered customization solution in a certain SaaS layer. Each of the remaining SPSs proposed a solution in two or more SaaS layers. For example: -In SPS78 and SPS51, the authors considered the user interface layer, whereas in SPS78 they designed a PHP template engine called NitroScript that allows retailers to customize the webpages of their products. In SPS51, Penget. Al. used Portlet technology that makes the development of SaaS presentation layer loose coupling. This technology enables SaaS tenants to customize their application interfaces independently from other tenant interfaces. -Authors in SPS12 and SPS42 presented some customization techniques that are related to the service layer. In SPS12, the authors presented a framework that enhances the process of customizing the SaaS services. SaaS providers would determine customization policies for each service and publish them. Authors in SPS42 applied variable service process technique that enables tenants to customize the services dynamically.
-The study in SPS61 presented a web-based development framework and customization workflow system that enable SaaS tenants to customize the application process. SPS61 proposed a framework that enables tenants to customize business logic by generating new source with metadata. -In SPS36, the researchers have touched more than one layers. In SPS36, the authors proposed a framework that supports runtime customizations of user interfaces and business logic by use of file-level namespaces, inheritance, and polymorphism. As shown in Fig. 10 , authors of the SPSs propose customization solutions that are related to workflow and service layers much more frequently (51 and 48 SPSs, respectively). The data and GUI layers were considered by fewer SPSs (38 and 31 SPSs, respectively). A detailed frequency table of customization layers is presented in Table 4 of the online supplementary document: Appendix B.
E. RQ3-QUALITY ATTRIBUTES
In this section, we provide a list of all the quality attributes from the perspective of customization in the proposed solutions. A considerable majority of existing proposed solutions considered more than one quality attributes, and only one SPS focused on only one attribute (SPS62). For example, multi-tenancy, functionality, scalability, efficiency, and security are considered in SPS71 and four quality attributes are extracted (multi-tenancy, scalability, commonality, security, and usability) in SPS56. Among the quality attributes studied, the combinations of multi-tenancy, security, functionality, scalability, availability, and efficiency have received the most attention as shown in Fig. 11 . Fig. 11 shows that the lowest quality attributes considered belong to accessibility, usability, maintainability, and interoperability, reliability, and response time.
It is worth mentioning that, although the researchers have considered capturing all quality attributes in [148] , [149] , many of them were not reported here for the following reasons: (1) They were not explicitly considered in the SPSs, and they are resiliency/fault tolerance, recoverability, stability, serviceability, robustness, accuracy, suitability, data integrity, learnability, and operability. (2) Reusability measures if functionalities provided are common to the requirements defined by service consumers [148] . This definition matches the definition of commonality in [149] , which has been evaluated and validated in Ph.D. work [154] . Therefore, the researchers considered reporting both under the commonality attribute. (3) Data privacy, confidential data, and access control are reported under security. (4) The performance attribute was reported by its sub-attributes (accuracy, efficiency, functionality, response time, and suitability). A detailed frequency table of the SaaS quality attributes is presented in Table 5 of the online supplementary document: Appendix B.
F. CROSS-TABULATION ANALYSIS
In this section, a more in-depth analysis of the extracted data across the different categories is presented based on the classification scheme. The following cross-analysis questions (CRQs) are analyzed:
• CRQ1: Which customization approaches have been used with different customization layers?
• CRQ2: Which customization approaches have been used with different quality attributes?
• CRQ3: Which customization layers have been used with different SaaS quality attributes? The most basic type of cross-analysis (cross-tabulation) is used to analyze the relationships between the two categories.
This allows researchers to explore the relationship between categories by examining the intersections of each. All crosstabulation tables (6, 7, and 8) are presented in the online supplementary document: Appendix C. Fig. 12 shows the intersection between the customization approaches and the SaaS layers. For example, 42 SPSs that used configuration approach to propose solutions for SaaS customization focused on the service layer, 41 on the workflow layer, 29 on the data layer, and 26 on the GUI layer. Similarly, all SPSs that used composition approach focused on service, workflow, data, and GUI respectively. By contrast, the workflow layer received the highest attention in extension and modification approaches. The lower degree of focuses was on the GUI layer in all approaches except in personalization, where it received the same consideration as that of workflow and service. It is worth noticing that there is a slight difference between the number of SPSs considering workflow and service in all the approaches; however, it increases between these two and the other layers. Fig. 13 shows the relationship between customization approaches and SaaS quality attributes. It shows that all the quality attributes except the following have been considered with a varying degree in all the customization approaches:
1) CUSTOMIZATION TYPES AND CUSTOMIZATION LAYERS (RELATED TO CRQ1)

2) CUSTOMIZATION TYPES AND SAAS QUALITY ATTRIBUTES (RELATED TO CRQ2)
-Accessibility is not considered in SPSs that use the composition, integration, and personalization approaches; -Maintainability, reliability, and response time are not considered in SPSs that use the personalization approach; -Usability is not considered in SPSs that use the integration and personalization approaches. Most SPSs that use configuration composition, extension, personalization, and modification approaches consider multitenancy, whereas the least number of them considers accessibility. On the contrary, the highest number of SPSs that use integration considers security, whereas the lowest number of them considers accessibility and usability. The arrangement of focuses is varied as follows (from highest to smallest):
-Composition: Multi-tenancy, functionality, security, scalability, commonality, availability, efficiency, interoperability, reliability, response time, maintainability, usability, and accessibility. -Configuration: Multi-tenancy, security, functionality, scalability, efficiency, commonality, availability, response time, reliability, interoperability, maintainability, usability, and accessibility. -Extension: Multi-tenancy, security, functionality, scalability, efficiency, availability, usability, reliability, commonality, response time, interoperability, maintainability, and accessibility. -Integration: Security, multi-tenancy, functionality, availability, scalability, efficiency, interoperability, VOLUME 7, 2019 commonality, reliability, response time, maintainability, usability, and accessibility. -Modification: Multi-tenancy, security, functionality, scalability, availability, efficiency, interoperability, usability, commonality, reliability, response time, maintainability, and accessibility. -Personalization: Multi-tenancy, scalability, security, availability, functionality, interoperability, commonality, efficiency, usability, reliability, response time, maintainability, and accessibility.
3) CUSTOMIZATION LAYERS AND SAAS QUALITY ATTRIBUTES (RELATED TO CRQ3)
Fig. 14 shows the relationship between customization layers and SaaS quality attributes. It can be seen that all quality attributes have been considered with varying degrees in all customization layers except that accessibility is not considered in SPSs focuses on the GUI and data layers. The highest number of SPSs in all the layers considers multi-tenancy, and the lowest number of them considers accessibility. 
G. GOOGLE SCHOLAR ALERT AND CITATION RESULTS
We set up Google Scholar alerts for SPSs to stay up-to-date on all the papers that may match the objective of SMS for the following reason. The process of planning, execution, and analysis of the results of this SMS required approximately two years, which may have caused to miss some important related studies that may have been published during this period. Results of Google Scholar alerts show that several additional studies could have been included in this SMS.
Therefore, we revisited the citations for each SPS in Google Scholar and reapplied step 4 of the selection process. The citation count for each SPS is reported in Table 9 of the online supplementary document: Appendix D. Among 378 citations from 2017 to 2019 (April 2019), only nine studied ones met the inclusion criteria based on the information of Google Scholar and studies' abstracts. One of the nine studies [155] was excluded owing to inaccessibility to the full text. Two other studies were excluded based on full-text screening because one study [156] does not propose a solution for SaaS customization, and another study [157] is a replicated study of more detailed study [158] for the same authors. Both the backward and forward snowball procedures were employed on the remaining six studies ( [158] - [162] , and [163] ), and no more studies were included. We used the word cloud features provided by ATLAS.ti to ascertain the relevancy of these studies to the objectives of this SMS. Fig. 15 indicates that these studies have a high relevancy degree to the questions of this SMS. Moreover, a decision was made to exclude these studies from the analysis of this SMS, wherein the process of quality assessment, data extraction, and data synthesis required the involvement of more than one reviewer, which is difficult, especially when the SMS is in the final stages. However, these studies are considered in our progressive research about SaaS customization and may be included in the extended version of this SMS in future work.
VI. DISCUSSION
A general observation is that configuration, composition, and extension received the highest consideration in the proposed solutions. This could be owing to the reason that many SaaS application providers can provide built-in tools and interfaces supporting the implantation of these approaches without affecting the application usage. Moreover, the findings show that most proposed solutions tried to avoid the customization modification of the source code. This is owing to the fact that in such approach, it is necessary to implement major changes to the application. In the context of SaaS applications, the operator would be required to alter the application code and redeploy it to every tenant. This would be akin to a great failure because the effectiveness of multi-tenancy is highly dependent on a decidedly stable code. Meanwhile, surprisingly, integration and personalization approaches received the lowest consideration in the proposed SaaS customization solutions. The most convincing clarification for these findings is that the availability of other customization approaches minimizes the need of the aforementioned approaches, especially a SaaS provider would not seek to implement these approaches unless they are required by a group of tenants. Additionally, all of the proposed solutions for SaaS customization were grouped based on the layers of SaaS architecture: GUI, data, service, and workflow. The findings show that the percent difference between the most and least researched categories is less than 50. This could be owing to the cross relationship among SaaS architecture layers, where the main relationships of the crossing layers are seen between the data and the service layers, the data service and the process layers, and the UI and three other layers. Majority of the proposed solutions for SaaS customization are connected to workflow. Most studies on workflow customization must indicate studies related to service and vice versa, and this explains the little difference in the number of studies of the two categories (only five studies). For example, workflows (i.e., business processes) allow users to combine several services and define processes. The findings show that GUI customization received the lowest consideration, however, it is most visible customization. this may be owing to the reason that all GUI components (e.g., image files, HTML files, and CSS files) are usually treated as software data. This further explains the similar number of proposed solutions for data and GUI customizations.
Furthermore, it is our observation that previous studies focused mainly on multi-tenancy, security, functionality, scalability, availability, and efficiency. It appears that in the context of SaaS applications, researchers were convinced during attempts to propose a customization solution that these quality features are fundamental, and therefore indispensable. Some proponents of this idea even proposed that these features be considered during the development of a SaaS application itself. Usually, SPSs consider a variety of quality features during customization. This is necessary because quality attributes frequently contradict each other. Therefore, any proposed solution for SaaS customization must support varying quality attributes. Generally, this addresses the need to balance SaaS customization and its quality attributes, especially any change potentially affects the application's quality and non-functional properties. For example, the customization required by one client should not affect scalability, availability, security, and performance of the application for other clients.
VII. THREATS TO VALIDITY
The main limitations of this study concern study selection bias, misclassification, inaccuracy in data extraction, and unbalance results of search techniques.
A. STUDY SELECTION BIAS
The selection bias was mitigated by (i) strictly following the corresponding SMS guidelines proposed by [38] and [39] , (ii) considering the most-used digital libraries in software engineering, (iii) iteratively improving and carefully testing the search string based on the pilot search before executing a search of the relevant papers for this SMS, (iv) using both backward and forward snowball techniques [40] while considering all publication types as a supplement to the comprehensive automated search to discover studies that could have been overlooked by automated searches in digital libraries, (v) creating alerts through Google Scholar Citations for all included primary studies to stay up-to-date with newer studies that could be included in this SMS, and finally, and (vi) validating relevancy of the SPSs to the objective of this study for two levels: for each primary study (by computing I-CVI) and for the whole set of SPSs (by computing S-CVI). Consequently, the possible missing studies would not have had a significant impact on the results of this SMS.
B. MISCLASSIFICATION
Our classification scheme is based on three aspects: customization approaches, customization layers, and quality attributes. Although there are proposals that address the classification of different software customization approaches, they are not sufficiently generic to be applicable to any software system. Moreover, several inconsistencies are found across all the classifications. Therefore, we captured a basic set of software customization approaches from the most widely approached proposals and eliminated redundancies in VOLUME 7, 2019 terms of meaning as shown in Table 10 . After eliminating redundancies, six generic approaches were obtained: personalization, configuration, composition, modification, integration, and extension. Regarding customization layers and SaaS quality attributes, we used some past studies that provide an essential overview of SaaS structural layers [18] , [95] and SaaS quality attributes [148] , [149] . Further, all the SPSs were classified based on three different facets. Each facet comprises a set of categories to which the SPSs can be mapped. Visual text mining that was discussed in Section V-B supports the categorization and classification followed in this systematic mapping, similar support argument to that considered in [164] .
C. INACCURACY IN DATA EXTRACTION
Using ATLAS.ti 8, we deductively extracted data from each SPS based on the pre-set categories in the classification scheme. A possible source of bias in the data extraction could be one author extraction process [165] . The effect of this threat was eliminated by (i) checking the extracted data from each SPS by the other author independently as recommended by [165] ; there were no critical differences in the data extraction results. (ii) Verifying the extracted data of the overall SPSs by analyzing the frequency of the words produced by automatic mining tools provided by ATLAS.ti 8.
D. UNBALANCE RESULTS OF SEARCH TECHNIQUES
Results of digital libraries search and snowballing search show an unbalance between the numbers of studies found. This is owing to the application of more restricted inclusion criteria (e.g., only journal and only four digital libraries) during the digital search for two reasons: (1) results with considerable noise that may appear in digital library search [166] and (2) to identify a good starting set of papers for the snowballing search [41] . By contrast, we applied less restricted inclusion criteria in the snowballing search (e.g., both conference and journal papers, where the papers are not restricted to four digital libraries used in the digital search). This hybrid approach is used in [41] to describe how a database search is used to identify a start set for snowballing. In summary, the main objective of the database search is to identify a start set for the snowballing, whereas the main objective of the snowballing search is to identify as many papers as possible. The unbalance between the numbers of papers found is expected, given the difference in the main objectives of the database search and snowballing. This would have been different if the database search was compared with snowballing search, which is not our objective. Therefore, the threat to validity from this approach is almost nonexistent.
VIII. CONCLUSION
This study presents the systematic mapping of the proposed solutions for SaaS customization from the year 2000 until 2016. In total, 81 studies that proposed customization solutions for SaaS application were selected using a multiple phase search strategy. Following the completion of this SMS, we proposed a scheme to facilitate the classification of current and forthcoming customization solutions. We employed this scheme to investigate present-day SaaS customization solutions from different aspects and expect that the results attained will provide researchers access to updated information, and pave the way towards the identification of future research objectives.
Subsequent to the SMS process, we presented the results in the form of tables and figures. This should easily render the information exchange among SaaS customization researchers. Results show that an increase in the number of publications has occurred over the last few years. Configuration, composition, and extension are the most considered approaches in the proposed solutions for SaaS customization. Furthermore, the authors of the SPSs propose customization solutions related to the workflow and service layers much more frequently. Finally, we conclude that multi-tenancy, security, functionality, scalability, availability, and efficiency are the quality attributes that play an important role in SaaS customization.
Investigations on the relationships between SaaS customization approaches (personalization, configuration, composition, modification, integration, and extension) and the quality of SaaS needs to be considered in future research. The findings of such an investigation can enable evaluators, testers, and developers to assess the quality of a SaaS application and deal with quality-related problems before implementing any type of customization.
Finally, we believe that the results derived from our SMS will considerably enhance SaaS customization and quality. Anticipating further advancements in this realm, we expect that the provided classification itself will also be an effective and useful instrument for the development and assessment of SaaS customization solutions. However, this work does not claim that it covers all aspects of SaaS customization; especially it focused only on solution proposal research type. For example, extended studies that include other research studies types (validation research, evaluation research, philosophical papers, opinion papers, and experience papers) as proposed by [167] and recommended by [38] should be conducted. Moreover, our findings in this SMS focus only on SaaS customization solutions from an academic perspective. Consequently, performing an industry-based study on SaaS customization is recommended. 
